Summary. Laryngeal muscles and nerves were obtained from 42 horses, 3 of which suffered from laryngeal hemiplegia. Of the remaining 39 clinically normal horses, 300/0 (12) demonstrated pathological changes in the laryngeal musculature.
Introduction
Laryngeal hemiplegia is a common disease of the horse and it has been estimated that up to 50/o of all thoroughbreds develop the condition (Weiss, 1937) . The narrowing of the rima glottidis results in inspiratory dyspnoea and the horse is not capable of normal physical performance. Typically affected horses produce a "roaring" noise on inspiration and are commonly referred to as "roarers".
Despite the fact that, since the late 19th century, many surgical methods have been devised to attempt to correct the condition, and many suggestions have been made as to the possible aetiology, neither cure nor cause is known. Cole in 1946 was the first to investigate the pathology of the disease in detail and recent work by Gunn (1972) has again drawn attention to it. Gunn pointed out that a number of clinically normal horses showed sub-clinical pathological changes in the larynx, a feature which Cole originally described in 1946. These horses will be referred to throughout as sub-clinical cases.
It was our intention therefore, to study the larynges of clinically normal horses and those with laryngeal hemiplegia in order to gain a more fundamental knowledge of the pathology and possible pathogenesis of the disease. This paper describes the qualitative changes found in laryngeal muscle and nerves in these horses.
Material and Methods
Over a period of t8 months, larynges were collected from horses and ponies sIaughtered at the Glasgow University Veterinary Hospital. Of the 42 collected, three were from horses suffering from laryngeal hemiplegia, the remainder being horses destroyed for humane purposes and ponies used in parasitologieal research.
In each case tile entire larynx was removed and samples taken from left and right dorsal eriooarytenoid (C.A.D.), lateral cricoarytenoid (C.A.L.) and the cricothyroid (C.T.) muscles. Random selection of the sample from the C.A.D. was necessary as it is a much larger muscle than either the C.A.L. or C.T. The sampling method allowed comparison of the muscles on both left and right side of the larynx, and the abductor (C.A.D.) and adductor (C.A.L.) muscles on the ipsilateral side. It also allowed comparison of the muscles supplied by the recurrent laryngeal nerve (C.A.D. and C.A.L.) , and by the anterior laryngeal nerve (C.T.).
Muscle samples were taken using biopsy clamps and the blocks either frozen in liquid nitrogen after a light coating with talcum powder or fixed in 10~ buffered formol saline. Cryostat sections were out at 10 ~ and stained with haematoxylin and eosin (H.& E.), periodic Schiff (P.A.S.), and for the demonstration of the following enzymes, N.A.D.H. tetrazolium reductase (Scarpelli etal., 1958) myosin A.T.P.ase (modification of method of Brooke and Kaiser, 1969) , sueeinate dehydrogenase S.D.tI. (Naehlas et al., 1957) and phosphorylase (Takeuchi and Kuriaki, 1955) . The formol fixed muscle was doubly embedded in paraffin wax and 5-tz sections were stained with H. & E., and Gomori's trichrome.
In a limited number of eases (5), muscle samples were taken for the study of laryngeal motor endings using supravital impregnation with methylene blue, as described by Coers and Wolf (1959) .
In two of the horses suffering from laryngeal hemiplegia (47 988 and 52 838) the entire lengths of both recurrent laryngeal nerves (R.L.N.) were removed. Pieces were then removed from each nerve at the level of the larynx, and at 10 em intervals along the nerve for a distance of 40 cm. In addition, on the left side, a piece of nerve was taken at the level of the aortic arch.
Each sample was split transversely into three parts and each piece allowed to dry slightly after straightening on a piece of card. The first part was fixed in 4% B.N.F. and embedded in paraffin, thereafter 8-~ longitudinal and transverse sections being stained by It. & E., van Gieson, solochrome cyanin and Palmgrens Silver method (1948) for axons. The second part wag fixed in Fleming's solution for 24 h and after dehydration and embedding in paraffin, 5-~ transverse sections were stained with Kulschitzky's haematoxylin by the method of Gutman and Sanders (1943) . The remaining part was fixed in 4~ B.N.F. for 24 h, then post fixed in 1~ osmie acid before being stained in 60~ glycerol. After maceration in glycerol for 3--4 days, fibres of varying calibre were teased out in pure glycerol with the use of a dissecting microscope. Final teasing into individual fibres was performed in clove oil, and after drying, the fibres were mounted in Depex.
The recurrent laryngeal nerves were also taken in 14 of the clinically normal horses and ponies, and a more limited examination performed on them.
Finally the brains were removed from the 3 clinical cases and fixed in 40/0 B.N.F.
Results
Of the 42 larynges collected 35o/0 (15) showed pathological changes in the laryngeal muscles supplied by the left recurrent laryngeal nerve. Only 3 of these were from horses showing clinical signs of the disease (Table 1) The changes in these cases were variable but were typical of neurogenie atrophy. All showed evidence of fibre type grouping (Fig. 1) . In the majority of affected muscles, however, there was also marked variation in fibre size with existence of angulation and atrophy (Fig. 2 ). Fascicular atrophy, where an entire fascicle wa~ composed of atrophic fibres, was seen in the more severely affected cases, and ~n these muscles nearly every fascicle was affected to a greater or lesser extent. Hypertrophy was also a marked feature and there was evidence of an increase in peri- In all the cases studied it appeared that the abductor muscle (C.A.D.) was less severely affected than the adductor (C.A.L.). In addition myelinated nerve fibres were seldom seen in the cryostat sections in affected muscles, whereas they were commonly seen in the left C.T. and in all the muscles from the right side.
b) Muscle Changes in Clinical Cases
Two of the clinically affected horses (47 988 and 52 838) showed changes typical of long term denervation atrophy with severe atrophy of the majority of muscle fibres, although one or two normal fibres remained. Replacement by fatty tissue was apparent and there was a marked increase in connective tissue. I t is often difficult to distinguish between long term myopathic and neurogenic change, but examination of intramuscular nerve bundles can be helpful in deciding which is involved. In two cases (47 988 and 52 388), where intramuscular nerve bundles were seen, endoneurial fibrosis was obvious, with only one or two axons remaining.
In the third case (49589) the pathological changes were not so severe as in the other two, although the clinical signs were equally severe. There was still evidence of hypertrophy, as in the subclinieally affected horses; however the extent of atrophy was greater. A few target and targetoid fibres were also seen in this ease, but only in sections stained for N.A.D.H. (Fig. 3) .
As in the subclinical cases, it was thought that the changes in the adductor muscle were more severe than in the abductor muscle. This was also thought to be so in the one horse (47 988) where both sides of the larynx were affected. Here the • 360 lesion in the right abductor muscle consisted of minimal fibre type grouping, whereas in the adductor muscle, fibre type grouping was more marked and there was evidence of early neurogenie ~trophy (Fig. 4) . Quantitative data on muscle fibre area in this and other cases will be published later.
c) Pathological Changes in the Recurrent Laryngeal Nerve (R.L.N.)
In the two clinical cases (47 988 and 52 838) the left nerve showed a progressive loss, in a distal direction, of myelinated nerve fibres, with only two or three intact fibres being present at the level of the larynx (Fig. 5) . I n close association with this loss of fibres there was an increase in both endonenrial connective tissue and nuclei. The teased nerve fibre preparations showed segmental and paranodal demyelination, and remyelination and occasional Wallerian type degeneration. This was found at all levels in the right R.L.N. and proximally in the left R.L.N. in the two clinical eases studied (Fig.6) . Quantitative studies on the internode lengthdiameter relationship in these and the R.L.N.'s from sub-clinical cases are to be published.
d) Changes in the Intramuscular Nerves
Interesting changes were seen in the right abductor (C.A.D.) muscle from Case No. 47 988 which showed evidence of fibre type grouping. Confirmation that this was indeed due to reinnervation was obtained from methylene blue squash preparations (Fig. 7) . The complexity of the laryngeal motor endings illustrated here, • 400
is to be noted. In work on the motor endings in laryngeal muscles of man, Rossi (1965) found a surprisingly large number of muscle fibres with more than one motor ending and called these "multi-motor-endplates". In studies in the horse, we have seen a large number of double end plates and these have been complex in nature. However, in one ease in which the end plates of the C.A.D. and C.T. were compared, those in the former muscle were much more complex and it is thought that this m a y possible relate to their different nerve supplies.
Discussion
I t is apparent from our results and those of other authors, that there is a high incidence of pathological change in the laryngeal muscles of horses not suffering from laryngeal hemiplegia. Cole's (1946) series shows an incidence of 50~ and Gunn's (1972) an incidence of 41.6 ~ These figures compare with the incidence of 30 ~ (in 39 clinically normal horses) in the present series which also showed that the major incidence (770/0) occurred in horses over 14.2 hands in height. Gunn also showed this predilection for abnormality to be found in apparently normal horses over 14.2 hands, but also reported abnormal findings in one foal and in a later study (1973) in one foetal horse.
The possibility of an age related factor must there be considered. Cook (1965) stated that in his series, clinical manifestations of laryngeal paralysis were found in 80O/o of horses by the time they had reached the age of 6 years. In the present series, signs were found at an older age (9 years), but the age of onset of signs could not be determined. In the sub-clinical cases, no apparent correlation between age and the severity of histological changes in the affected muscle tissue could be found.
Equine Laryngeal tIemiplegia 34:5
In the sub-clinieM eases, the pattern of the muscle lesion is very similar to that described in the human Extensor Digitorum Brevis (E.D.B.) by Jennekens et al. (1972) . In both the E.D.B. and in the affected laryngeal muscles, there was extensive fibre type grouping, atrophy and angulation of muscle fibres plus evidence of hypertrophy. Again in both there were occasional internal or central nuclei, a few necrotic fibres, and a slight increase in perimysial and endomysial connective tissue. Although the changes in the E.D.B. became more severe with age, they were also noted at an early age (3 years) and this would be comparable with the changes seen in the younger horses.
Jennekens and his coworkers suggested that in the E.D.B. a continuous process of denervation, reinnervation and subsequent denervation of previously reinncrvated motor units occurred. It seems very likely that a similar process may have occurred in the laryngeal muscles of the horses under study here. Study of both muscle and nerve changes in sub-clinical cases, where the lesion is thought to be progressive, may therefore be more informative than study of long term neurogenie changes in clinically apparent cases.
Semon (1881) stated that there was a "proclivity of the abductor fibres of the recurrent laryngeal nerve to become affected sooner than the adductor fibres". These observations applied to his human clinical experience and to experimental work on dogs. Subsequently many clinical observations and experimental results have been published to confirm or refute Semon's finding (for review see Arnold, 1957) . However, to our knowledge, no attempt has been made to examine the changes in the laryngeal muscle in human cases where there was a partial lesion of the I~.L.N.'s, and it may with this "Law" in mind that a comparison was made in the present series. In both the sub-clinical and clinical cases of this series, Semon's Law did not apply and was in fact reversed, since the adductor muscle was generally more severely affected than the abductor. This was contrary to Cole's (1946) observations, but his method of estimation of atrophy was subjective and does not compare well with the more modern methods available for quantiration of pathological changes in muscle (report of Sub-Committee, 1967) .
The aetiology and pathogenesis of the recurrent laryngeal neuropathy remain unknown. Previous suggestions about the possible aetiology have been reviewed by Marks et al. (1970) . Our results and those of Cole (1946) show that the site of the lesion is in the distal portion of the left R.L.N. and that the abnormality becomes progressively more severe distally.
Initial observations, using teased nerve preparations, have suggested that segmental demyelination and remyelination are common in I~.L.N.'s from elinieM and sub-clinical eases. OceasionM fibres undergoing Wallerian type degeneration have also been seen as also have fibres with regularly short internodes indicating regeneration. Similar changes have been seen in man with increasing age (Lascelles and Thomas, 1966 ; Arnold and I-Iarriman, 1970) and it remains to be seen whether similar changes occur in other peripheral nerves of these horses.
It has been suggested by Marks et al. (1970) and Rooney (1970) that the cause of the lesion is a chronic stretching of the left I~.L.N. since it has a longer course and a different geometric axis compared to the right R.L.N. Marks et al. also suggested that the pathological changes were identical to those seen in experimentally wodueed stretch lesions in the peripheral nerves of clogs (tIighett and San-ders, 1943) . Their method was to excise a portion of nerve, then suture together the viable remnants. It was thus sudden and traumatic and not comparable with the apparently chronic, atraumatie lesions of the R.L.N. lesion seen in the horses under discussion. Stress-strain phenomena in peripheral nerves have been carefully investigated by Sunderland and Bradley (1961) who remarked that there was considerable clinical evidence to suggest that slow stretching of a nerve over some years leads to a remarkable increase in length of the nerve without any disturbance in function. Highett and Sanders (1943) , however, found that nerves kept under a constant tension do not remain permanently elongated. The fact that the right I~.L.N. and the muscles supplied by it have also been affected in our study and that of Cole (1946) and Gunn (1973) may in fact suggest that stretch is not involved, or that it may be only one of a number of responsible factors. More recently, Haftek (1970) studied the effect of both gradual and sudden stretch on rabbit tibial nerve in vitro. Gradually increasing stretch initially produces rupture of the epineurium and then damage to the myelin sheaths with concomitant axonal compression due to pressure by the elongated perineurium, which itself eventually ruptures. Finally complete division of the nerve fibres results.
It was suggested by Rooney (1970) that stretching of the recurrent laryngeal nerve may result in ischaemia. Roberts (1948) , in acute experiments, demonstrated that the vasa nervorum could be obliterated by stretching, and Lundberg (1973) also showed that stretching could affect the microeirculation of nerves. He showed that the "upper stretching limit", when all microcirculation ceases, is between 11 to 18~ . If this ischaemia was maintained over long periods, definite damage could be expected, despite the axons remarkable resistance to ischaemia (Lundberg, 1970) . It is however, well known in man, that ischaemie neuropathies due to changes in the vasa nervorum are common and may be seen in arteriosclerosis and thromboangitis obliterans (l~ichards, 1951) . However, age changes have also been described in the vasa nervorum of man (Cottrell, 1940) , and should be investigated in the horse, as well as the possibility of any other disorders of the vascular tree.
The pathological features of the R.L.N.'s are similar to those described as third degree ischaemic lesions according to Sunderland (1968) . The pathology of ischaemic neuropathy in man has been investigated in detail (Garven et al., 1960 (Garven et al., , 1961 (Garven et al., , 1962a Eames and Lange, 1967; Chopra and Hurwitz, i967) . It is apparent from their work that ischaemia preferentially affects the larger diameter myelinated nerve fibres and that segmental demyelination and remyelination are the primary changes. These changes are not pathognomonic of isehaemia and any hypothesis of this as the primary cause of the lesions here described must be accompanied by evidence of reduced blood flow in the vasa nervorum.
At present the possibility that a "Dying Back" phenomenon is involved in this disease cannot be ruled out. Cavanagh (1964) discussed the neuropathy of thiamine deficiency both in man (beriberi) and in experimentally produced deficiencies in animals. The fact that there was evidence of a distal degeneration in the long peripheral nerves with minimal changes in the anterior horn cells themselves, is, suggestive of a dying back phenomenon. In beriberi in man the laryngeal nerve, may be involved in severe cases, and this plus the fact that thiamine deficient cattel, are said to "roar" has led Loew (1973) to suggest that thiamine deficiency is the principal cause of laryngeal paralysis in horses. This hypothesis does not explain the apparent asymmetry of the lesion, and it would be essential to search for similar lesions in other peripheral nerves and to find out by assay if these animals were in fact thiamine deficient.
This investigation has not led us to any tenable conclusions as to the pathogenesis of this disease. Indeed, many questions and lines of research have become apparent as the work has progressed. It remains to quantitate such parameters as internode length-diameter relationship at various levels in both recurrent laryngeal nerves in normal, sub-clinical and clinical cases and to compare these values and the changes found, with those from other equine peripheral nerves. Total nerve fibre counts (or fibre density) and fibre diameter will also have to be measured to determine if there is a selective loss of fibres. It is hoped that with this information a better understanding of the pathogenesis of this common disease will be achieved.
